Motorbikes are a cost effective and fuel efficient mode of transport but at the same time they account for huge number of Road Traffic Accidents (RTA). Bike riders are exposed to postural, psychosocial stress which may lead to accidents. OBJECTIVES: Objectives of the study are to: (1) quantify postural and psychosocial stress which may be contributory factors to accident and injury; (2) record the magnitude of aggression, sensation level and risky behaviour to employ behaviour based safety (BBS). METHODS: Healthy male motor bike riders (n = 150) were randomly taken to identify consumer purchase behaviour, assess postural stress, perceived pain and exertion. Perception of riders with respect to their safety was recorded. Magnitude of aggression, sensation and risky behaviour were also recorded among bike riders (n = 35). RESULTS: Result showed drivers experienced pain in low back (84%), thigh (82.67%), hand (81.33%), neck (68.67%) and shoulder (63.33%). Riders (62.67%) perceived the exertion as 'hard and heavy', 24.67% as 'very hard' and 12.67% as 'somewhat hard'. Majority of the riders preferred looks and style, neglecting physiological comfort and safety. Magnitude of aggression, sensation and risky behaviour among bike riders were notably high. CONCLUSIONS: Quantification of these stressors is essential to implement engineering revision and behaviour based safety.
Introduction
The utility aspects of motorbike along with cost effectivity and fuel efficiency are the major causes for its immense popularity in India. At the same time, as per National Crime Records Bureau (NCRB) of India, in the year 2014, the road and driving related accidents claimed death of 13,787 motor bike riders [1] . Behaviour of the motorcyclist varies with the incident personal and social pressure at a particular moment. Similarly the perceptions regarding 'risk' and 'safety' is also variable. Prolonged awkward posture assumed during bike riding results in driving related musculoskeletal disorders (DMSDs), low back pain (LBP) and spinal injury [2] [3] [4] [5] . Psychological pressures like fulfilling deadlines, immense work targets, and achieving excessive incentives are also detrimental. Additionally, survey has been conducted to find out the factors influencing consumer buying behaviour of bike among Indian youths [6] . Advertisements are generally 'stunt based' [7] reflecting mainly an aggressive act, which play a key role in modulating choices. In the Indian scenario, the huge number of road traffic accident (RTA) involving bike riders requires a proper monitoring and preventive step. The ergonomic intervention aiming to reduce road traffic accidents involving bike must be based on both engineering revision of the bike and behaviour based safety. Aggression depicted in drivers' behaviour may be a prominent causative factor for accidents. Behavioural management may bring significant ameliorative change in driver safety. Thus it is necessary to quantify postural and psychosocial stressors which may lead to accidents and injury. An attempt to grade the level of aggression among drivers while driving is important to employ the required behaviour based safety (BBS) program. Thus the magnitude of risky, aggressive and sensation seeking behaviour should be recorded and compared with the drivers' self-analysis of risk.
Methods

Ethical clearance
Ethical clearance was obtained from Institution Ethical Committee (Human) and all the data collection was done following the 'Declaration of Helsinki'.
Selection of subjects
Healthy adult male motorbike riders (n = 150) between age group of 20-29 years were randomly taken as subjects. All of them were necessity riders i.e., they themselves drive their bikes and had minimum two years of experience of bike driving. The subjects were standardized as per socioeconomic status.
Evaluation of postural stress
Videography and photography methods were employed to assess postural stress. Stick diagrams were prepared from frozen frame videos and they were analysed by rapid upper limb assessment (RULA) and rapid entire body assessment (REBA) to find out the magnitude of risk of MSDs [8, 9] .
Assessment of body part discomfort
Body part discomfort was assessed using Modified Nordic questionnaire [10] .
Evaluation of rate of perceived exertion
Rate of perceived exertion was evaluated by Borg 15 point rate of perceived exertion (RPE) scale [11] .
Questionnaire study
The subjects were asked about the most behavioural factor influencing purchase of bikes. They were given three options: i. Looks and style, ii. Mileage iii. Physiological comfort and safety [6] .
Assessment of driver behaviour
Motor cycle rider questionnaire was employed (n = 35) [12] .
Self identity as a safe rider
Two items assessed on a 7-point Likert scale -Strongly Disagree to Strongly Agree.
-I am the sort of rider who rides safely at every opportunity -I am the sort of rider who takes risks at every opportunity 2.7.2. Propensity for aggression scale Six items [Cronbach's α = 0.77] Evaluation was done with the help of a 7-point Likert scale -ranging from Never to Always [13] .
Participants were asked to think about their riding on public roads in the last 12 months and asked how often they:
-Felt frustrated by other road users; -Felt angry and aggressive towards another road user; -Indicated your hostility towards another road user by whatever means you could; -Gave chase when angered by another rider or road user; -Physically attacked another vehicle or rider/driver when angered; -Ridden especially close to the car in front as a signal to its driver to go faster or get out of the way. -I would enjoy riding a motorcycle on a road with no speed limit -I enjoy the sensation of accelerating rapidly; -I enjoy taking risks on my motorcycle; -I get a real thrill out of riding fast; -I enjoy cornering at high speed; -I would like to be a professional motorcycle racer; -I sometimes like to frighten myself a little while riding.
Sensation seeking scale
Risky driving behaviour
Ten items questionnaire [with a Cronbach's α = 0.76] [15, 16] was assessed on a 7-point Likert scale, ranging from Never to Always. Participants were asked to think about their riding on public roads in the last 12 months and asked how often they had performed these behaviours stated below:
-Pulled out on to a main road in front of a vehicle that you had not noticed or whose speed you misjudged; -Failed to notice another vehicle pulling out in front of you and then had difficulty stopping; -Attempted to overtake someone that you had not noticed to be signalling a right turn; -Failed to notice a pedestrian who was crossing in front of you or stepping out from behind a parked car until it was nearly too late; -Needed to brake urgently to avoid rear ending of the vehicle stopping in front of you; -Ridden when you were or might have been over the legal blood alcohol limit; 
Statistics
Descriptive statistics e.g., Mean, Standard Deviation (SD), percentage of different parameters were calculated. Cronbach's alpha was determined to assess the internal consistency of test items. All the statistical analyses were done by using MS Excel 2010. Table 1 shows mean and SD of demographic variables i.e., age of the bike riders and their experience of bike riding. Figure 1 shows analysis of frequently adopted postures of motorbike riders. RULA and REBA postural stress evaluation of the bike riders was performed with questionnaire and photographic transformation into stick diagram. RULA and REBA analyses revealed high and medium risks were associated with the postures adopted during riding and changes were required soon. Figure 2 shows low back pain was highest among riders (84%) followed by pain in thigh (82.67%), hand (81.33%), neck (68.67%) and shoulder (63.33%). Table 2 shows among the bike riders 62.67% perceived the exertion due to riding as 'hard and heavy', 24.67% as 'very hard' and 12.67% as 'somewhat hard'. Figure 3 shows percentage of consumers as per preference of purchase of bike. This study showed that most of the consumers preferred 'looks and style' while purchasing bike. Table 3 shows mean (SD) of perception of riders (in 7 point Likert scale) with respect to their safety as per self perception of as a safe rider, it was observed that mean (SD) of first question was 5.8 (1.17) and second question was 2.4 (1.29). This indicates that the drivers perceived themselves as safe riders. Figure 4 shows mean score and grade of aggression of individual question. Figure 5 shows percentage of bike riders according to grade of aggression. Propensity for aggression among the drivers was determined with a set of six questions. The internal consistency of the questions was verified with the Chronbach's α value of 0.77 which revealed 'acceptible consistency'. Gradation of aggression was performed, gradation begun with a score of '0.5' continued till '7.5' at an interval of 1, like score > 1.5 to 2.5 refers to grade I, > 2.5-3.5 refers to grade II and likewise. 31.42% of the riders were identified to belong to grade II, narrowly followed by grade III with 25.71% riders. Figure 6 shows mean score and grade of sensation of individual question. Figure 7 shows percentage of bike riders according to grade of sensation. Sensation seeking activities among riders were again evaluated with the help of a set of seven questions; whose Chronbach's α value 0.76 indicated 'acceptable consistency'. Similar gradation of sensation was performed, 40% of riders belonged to grade III of Figure 8 shows mean score and grade of risky behaviours of individual question. Figure 9 shows percentage of bike riders according to grade of risky behaviours. Practice of risky behaviour was also graded with a set of 10 questions, with a Chronbach's α 0.76. 40% of the riders belonged to grade III, followed by 34.29% of riders belonging to grade II. There were 22.86% of riders belonging to grade IV in this regard. Figures 10-13 show some of the unsafe acts which were frequently observed among the bike riders.
Results
Discussion
Assessment and quantification of postural stress and manifested behaviour are important criteria prior to safety management in the process of ensuring ergonomic design intervention of motor bikes and behaviour based safety among bike riders. Road traffic accident is one of the major causes of mortality and morbidity in India [17] . Adult males belonging to 20-29 years fall in the accident prone age group [18] , probably due to the effect of multiple stressors synergistically acting on them. It has often been observed that the rider frequently performs unsafe act but contradictorily analyses him to be a safe rider.
Choice of bike is often governed by external features like looks and style ,neglecting aspects of safety and comfort, neglecting the safety aspect, making bike a 'vehicle of style statement'. Bike advertisements generally focus on the showmanship [7] . Physiological comfort and safety must also be taken into consideration while purchasing a bike in order to reduce postural stress, discomfort and chances of accident.
Pain occurrence was generally observed in body parts with maximum deviation from neutral position. Prolonged assumptions of static posture, deviations of joint angles of different body segments (as per Ergofellow 2.0 software) were noted to comply with regions of pain identified. Incidence and magnitude of pain were aggravated due to continuous exposure to vibration. The postures adopted during bike riding were interpreted and revealed that they were of medium to high risk category and immediate changes were necessary.
Scores to access magnitude of aggression, sensation and risky behaviour among bike riders were notably high. The cumulative effect of contributory stressors and prolong exposure to them culminate in increased irritability. Interestingly, most of the drivers were observed to provide a self-contradictory assessment of behaviour while riding, although they would identify themselves as safe rider but frequently perform unsafe acts while commuting. This attitude of the drivers necessitated detailed observation of prevalent violation of safety. Moving ahead of stationary traffic through fringes, changing lanes sometimes creating transverse shortcuts, inept use of footpaths were seen. The bike riders often carry more than one pillion riders, talk using mobile phones and do not wear helmet. The riders are prone to exhibit their agility to take sharp turns, movement through narrow alleys and perform careless overtakes.
These vivid observations bolstered with quantification of behavioural violations are supposed to aid the process of ensuring behavioural based safety. Introduction of checkpoints to reduce unsafe behaviour at regular intervals may be of help along with attempts of personal aggression management.
A multidimensional approach in reducing Road Traffic Accident is necessary. Ergonomic intervention paired with behavioural management is supposed to improve alacrity of the riders and combat stress related manifestations ultimately providing assurance for better safety conditions.
Study limitations
The study had some limitations. In this study assessment of magnitude of aggression, sensation and driver behaviour was done among 35 bike riders. Subject number requires to be increased for further exploration. For this study no invasive physiological marker for aggression could be taken into consideration.
Conclusions
In this study, physical and perceived workload of the motorbike riders were assessed. Attempt was made to quantify aggression, sensation level and risky driving behaviour. This study revealed the necessity of ergonomics assessment in safety management and risk governance. Immediate ergonomic intervention regarding bike design and implementation of BBS are essential in order to reduce MSDs and accidents.
Concluding remarks
Ergonomic interventions or motorbike redesign based on ergonomics and anthropometry should be given due consideration along with various aspects of motorbike components or accessories, such as, seat, handles, foot pedals and helmet. For providing motorbike driver safety and reduce road accidents, formal training in behavioural based safe motorbike driving, mandatory use of helmet and law enforcement of safe driving speed, should be considered.
